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ABSTRACT

The purpose of this study was to analyze and compare mind wandering that occurs during

«Fi% the pre-learning and follow-up learning processes using an eye-tracker. For this purpose, 18

/ students from K University located in the central region of Korea were randomly sampled
%r;])e(fakté(s)r and selected as the study subjects. First, in the process of learning ‘Earth and Moon’s
motion’, pre-service teachers had more Mind Wandering sections in the follow-up learning

ﬂ OPEN ACCESS process, ‘Change in the phase of the moon’, than the ‘Earth rotation and revolution’, which
Brain, Digital, & Learning was a prerequisite learning process. Second, it was confirmed that the mind wandering
2021, Vol. 11, No. 3, 505-515. of pre-service teachers appeared faster in the follow-up learning process than in the pre-
hitps;//doi.org/10.31216/BDL.20210032 learning process. Third, the total Mind Wandering time in the follow-up learning process

was longer than in the pre-learning process, similar to the previous two results, in the total
mind wandering time in the pre-learning and follow-up learning process of pre-service
Accepted: September 15, 2021 teachers..Through.thls study, it was found that'p.re-sgrwce teachers attentlon. was higher in
) . . pre-learning than in follow-up learning. In addition, it was found that there is a need for a
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Korea National University of Education teacher’s intentional teaching strategy to increase the learner’s attention and reduce mind
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Introduction

3 Aol SIS FoIF S 319 Aol BoHolth 2 49 AolM o AF o] &2 A
L T3] gk shAo vlgl shaE aatA o2 YA 4~ Ql o, o] 712 AUul skAo| H]gl F29] R o]
=2 5ol 7Hg o5l 7} 7] Wi o] THCraig, 1984). 12U 85 Aol &0l Fo/FE F-AI5t

£ A2 7] otk s tiR2o] AFRFE-2 AP B 2A] S0 7} 4hatelf ] 7] whEo]th(Blanchard et al.,
2014). o|2gk e5Ake] o7t S E |32 eF5At APhlo] HaEgh T2 Sh5o] ZISYE]A] oA okl o] =
A5l WALZ stol & & 5 )R] Fof| theh o2& 54| 510 (Kwon, 2019; Lee & Shin, 2014 ) SH5 S8 &
g 2Rt A #%ﬂ R84S of A gt

© 79 U2 A9 B4, wap A, Sh5Ate] S5
U 53 ehaAtke] 2 A 01 ) Bl ot Bl o] ahgol tigh X4 BE 55 & 4 UtH(Cimer, 2012). ©] F
o) o]t A= TEAe] Bhgol Tt 2|4 HE, S A3 A A 1h Beddh ‘A 4=8kE of Tt 2.9lof] F53)
4] AAlek Tedsto] Kim & Lee (2005)= &HA Q1 w4 8h5-2 QA= A4shs U8t
yee ;w o} stk %] 25} a} Qlc}. o]2jdt AL 917 Ha} o] Z(Cognitive Load Theory,
o =2 714
Al
E

830 2 A|gEln), )
OPéxl'—J Q1%] —,—0]~— I o'W(Swellelr 1988; Van Merrienboer & Sweller, 2005). =

=] [ | ]

F&ehgol Aashaat ws o] XYH o 2H ShaAke] RIZ SIS S0 Fof o5 BHE =Y 4 8
th= Aot & d#o] Bloom A4shs 582 F&5 = Shae] -2 olld e = Jlnkal 4k A4
Sk 5o & ZFolA 8l Shartke =R WHE-5 Fds] ohad o= IHaL SH3iTHByun, 2007). B 01
AARtEol2S FYUE w55At Gagne (1985y= SFAAFE fleh ohae] Wiy 24 Folr 7 28
AZ Aeelg o Hoton, Aot shaatAle] oha2 fsiie AdaE ol shasior & Weolu %Eﬂ%
ZE01 Qlojof QAL st A4 Shae] F84S SISl Abdehae] A4 <l Bae Abdeks
o] Sho] HAIARI A9} o FAIE FHohe Shte] 8471 H O =M shaAtel wA HAsojA] 2n] 8l
= o5 TEo|F = Ao th(Seery, 2010).

AT Adgels § o foj2)s F&stgolA shaAte] St A2 oW @7t o AellM = A
Shgo| &gl B2 FE= A= 3Rl et s B 2 Me= POPE“E} Epek o it
o] T2 ek A A eehae] Wit f&shael w8l o] IAIRE st W8 Hd o5
Shgollx el shaAte] AlAdolgo] obd sk AT o] eAdol A Astaiats SﬁE}

Sha § 9] W2 of P SAsHor shertr AR = of H 8 Aol Al 17 Rtth= A2 Aol 1L
8o FoJ5kal 9= A0 2 7 etth(Anderson et al,, 2004). Al F= 2 S AHESH ShAke] Al 17
= F25t0] Skl A oftjoll Fofsh=A], duht @ SEet Folsh=AE A F4 8 4 Slct.

e A St Rl 578 SaEol Shaate] AlAde] gl stof Fol YT Rl R ek

°§ qs HAY

AL 77t ek ol & 9, <5 Fofl o] 53t 8= 471 & ol ekt ol gl
(Richardson & Spivey, 2000), 8F5A} WH-2] 442 o] 5A]7| 2L 22 o= 2HollA] Al
FEohe 74 -9oll=(Vankov, 2009), HHEHS] S5 1Al of| Al o] Eof UA|TF o] F0] obd AJEo|tt.
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ojof B A3Loj| A= Mind Wanderings Z745}0] S5/l A UE = As/dHiet o7 SE
£ THESEIAL BHh Mind Wandering(©]5F MW)o &t 28 &)= J}Xﬂﬂ o] =4 FE= H
o)Al Y o2 dhgst= s Azl ot el E DStk (Smallwood, 2015). MW ”EHL WA o
A H5 & 4 e T gl =(zoning out) PP A Y U2 714 A2 S wf uZo] ofd7tE 7Y A
El Z(Schooler et al., 2004), 2| A= 0 2 RE| 2P 20|71 7HQl LhAQl A Zko 2 o] 53t SExa} AJE
(perceptual decoupling)©]ThSmallwood et al., 2003). =, Sh5/d&ol|A] MWL Z 2|4 Q] z}=of| thst F20]7}
021 Bk 2ol #1215 e Atel} Bk ofe] MRezolH MW 1 Uehbs Ao)5
o] EAS B 1153 O (Faber et al., 2018; Krasich et al., 2018; Zhang et al., 2020), A|Al0]52] EA-& 0] &5
MW-E- 3835131 Q) ThHutt et al., 2017; Jang et al., 2020).

2 Qo AHEAS o] §51o] MWS S AT TS BeF0 2 MW 25t o}
S0 2 MWL MR, o) RN ol 24150 s Aol St
Ahe) Fo|40l AT A 17| 9190 AT} Fhstol A el e Sgel 22952
3 sk gtk 904 213 A5} 2ol skl Felige] JRE T el tefslt, s o)
G715 B4soll M-8 e] ol choh B MRTSoIA] B B} 2o] ol Aol ZolYE
Raiys el e A

T Mwe] Hol A A4elae] Rk AlAlo)s FAGA|E o] 8ot Al e A= Ad4gh5ol tigh
50| S A 0 2 SRl H = 52 713 d Zlo|2t 23t

Methods

Participants

2 AT AMEAGAE o] §3) HShs YT S48 B9 MW Bl @ o] 913 L2t
o F5 Aol 9128 Kefotae] 250} SPYS thgo2 Qo) AA 0 2 Folskaat she o1y
23402 YlEYstel 25 W8T oMY 2590} 17, 9 8§12 AT IR MLk AlMo| 5 24 S
9J3) AL 3L Ol AL AR 59 F4o] Gl Al (Roberts &
Bell, 20032 APHo] HZA3H1T AT Folaht B A7 Holol Solalick, AT Folxt 2592 thgo =
A22 4335H oA 1@— (0] 00, o134 7850l AIHACEZ HF AT HoAAE 185015
o 3% ARE AT Folxe] Aakage thpstelon, B A 21049k ok At o=
SH A% 9l0)7] whol Keistae] 4 a2l Aol eislo] Al 4912 o} ehrk Al gk

Task Development

& A7 A BAlE AT oAl 2 5us S Tl o= Apela it $45150] 4 2 o] eS|
Eefuhe s 59744 A= stk ZHAlolA OhE ShEul 82 st 43k50] ek AAl
oJoj &= A, AdghEo] AFAIsh= HIF0] 2 1A, SHEA | ol lohe IHA), dlH|wAlE = B4, 5
Vol 7heet A1 E 7|E o= vidsto] A5
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I 71N opfoiel 452402 25T A 1319] A 79f e £ 2| g o2 4t
G, 1St 0 i el ZHIS} B, F400 2L Te) Sl werE Astelch A7) A
S 30 ) 9)4 iatol e 25 o8| mAHE] B OAHEE 7117 S - & A,

2020a; Shin & Ahn, 2020b)°]th. oh&2] o] T2 x|7-2] 2P} 341 7HiES ofsliRt & 2ol oY dHekE o
007 Sl Skl 1434 5) ol st el ol 2 9 ek wasisll

A8 AH(Chen & Wu, 2015; Tlioudi et al., 2013; Mayer, 2014; Wilson et al., 2018)°1|4] 5-5/2] -F-&ol| 2Jsf &
& 9] o]} 4 ST AS Te{elo] s S45t BUAS 71§02 212t Al
Ak £/ 92 7} ) B Lo Bl 28 Aol o9} mafilfol 2 e
WA =21k HY Lesure et Zelefol sketo] 340l 9151 T47jo] Qo] shie) 1 % 2
2]of] B x| 5}o] 2J 3t PIP(Picture In Picture) type©| Ch(Fig. 1).

KhA| BHE 21

2] MRS W2 LR R
e

Lecture Type PIP Type

Fig. 1. The type of the video

S I AR 5 B 59 AP 2 Som, o] Ug Tt el A 2A Ak
5 ole] U182 A% 7| Tt Sl A Aels g 2 et Fekd 1 7ol 4
al

9] AZHZ 2020] Ut 2EA 0 = M 48hE(A] 2] AP F 3-4)2] Lecture Type 171, PIP Type 17/}
5(29] dH2hH 9] Lecture type 171, PIP type 1712 2 47112] 59/ 42 & A26IAL, A= 4271 9]
I Z0]7] flal 2 A Fofatoll A= @ Lecture type®] A]7-2] 2P 3t 370 > PIP type2] 2o 91/ ¥
3 L= @ PIP type?] ‘Al TL9] AP} FA > Lecture type?] ‘B2 9IAF #IS) o B o & ZHEIQo] 542
FAIobH S sHA| A A5k

%
A
SP71hA] BAste] WAL olot & A Pokir| >3RS 9fd AHSHIE A2 1%
§_
Al
=

Data Collection
Atge AT Gzt A4 53 54 sH50] 594 4ol & shsdhe 1ol A] TobiiAke] Tobii Pro
Spectrum AlAFA %= E- o] 85l ASHATH A2 o FFT} A-2-o] AP Slide room OPOHH o] Fo]
Ztt. Slide roomo]] E012 AT Fojxk= Aol st A2 E11 AT Fo] 5o M E 2Hd 2 calibrationS
AASHLE o] & A 3HA| 2 Mpshgol RFe] ARt 24’ 5 P4 el S 208 F9F A5t &4
O

S Kol FAIARES 155 Fof 1 27h0 2 Qls} he ZJolol GRFS FA| ShE S FHA FAAIE A
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t}. Zhang et al. (2020)4 Jang et al. (2020)-4 Ao /ﬂ ——rL Zq X}—-Ol H] EJQ PQJ% H = 59to]| Attention
7+ Btk MW G710l 4] Fixation duration®] S7FsHS 352102 H 130 B 2 Fixation duration> MW
57172 4 Uk olof] & AFollM= 5978 A2 AH T AP MW/ASEIY W 5-54| 22 Fixation
duration®] Y7 A[7F o/ A &E th= & il 7|F 0 & A1z} SRl

I 3L0)| A= Zhang et al. (2020)2] Lol A Bk 21wk ZHo] 400 ms ©]4F2] Fixation duration©] 2000ms ©]
A A5 o MWTLEO.2 22510 Sl9on, 1 el g Belal] Sfs) ol A7 AAslgick
/3 S A5 -2 Jang et al. (2020)°] MW -7F} Attention 7-7F2] Saccade metrics] - 2FO]E- t-test
2 o)) xjol vl et S ALEIT}, 15 27 WA AR MwTLE Mwo] ofd Fe|UE
(O5} Attention)7-7+2] A|A0]5-2] EA-S H]u5}H7] 9J5H Saccade Metricsé(Average peak velocity of saccades;
Maximum peak velocity of saccades; Standard deviation of peak velocity of saccades; Average amplitude of saccades;
Maximum amplitude of saccades; Total amplitude of saccades)2] 2}0]7} - SHA| & t-test2 H| W SF.OH 01 4~
FollA F-2J3k &po]7F UEhd B AlsHRIT. o]of & Aol A= A Tel 5 et 20 A4 95l
Tobii pro lab =Z13H0] Xﬂ—‘—OF— [-VT fixation filterS- A]-8-5}F%1 11, Minimum fixation durationS 60ms= 3%
Soick OIS 391 O 2 RIS AAIE B, MWE F3510] % 5270) MWL A5 MW
Atole] 11 @] 717+ Attention @2 A% 5t0] T 7171+ Ato]of| Saccade Metricsgt2] 2H]7F F-2JSHA] & t-test =
H] 25} Ch(Table 1).

Table 1. Saccade metrics average from pilot test (t-test)

Saccade Metrics MW Attention t

Average amplitude (Degrees) 4.36 5.71 3.01°
Maximum amplitude (Degrees) 6.48 17.45 9.03”
Standard deviation of peak velocity (Degrees/second) 55.90 92.72 487"
Average peak velocity (Degrees/second) 165.23 205.94 2.77"
Maximum peak velocity (Degrees/second) 222.68 470.82 7817
Total amplitude of saccades (Degrees) 13.36 1,157.29 3.98"

"p<.01, " p<.001

MW7} Attention-7F2] 671A] Saccade Metricsgt=r Trtest® H]| wl'eF 23} Maximum amplitude, Standard
deviation of peak velocity, Maximum peak velocity, Total amplitude of saccades= .001 oA 8ol H AL,
Average amplitude®} Average peak velocity= 01550l 4] -3-2|513 T} o]0 & Lol A MWL 400 msO|
A}9] Fixation duration®] 2,000 ms ©]/ A| &%= 17F0 2 2451t
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2]} Zhang et al. (2020)2} Jang et al. (2020)2] AFLollA= HA] At of=ke] A}7|H a1 ¥4 o 2 Mwt
& FZ3 o] &, MWOllA] Al o] 5-2] aH/d& wAlote] 1L £ 2 & 7] Fixation durations E=Z3H 70|t}
ShH, 2 A= MWoIlA| 9] AJAdol5-o] E4E o g Mwe] ihdof 283t Zlo|m = Ae] SHA- 2 Q)
15 4= QU Jeju A Ao 2H7] Bt /AL At Zrojake] Mw ARzt Batof whet T of B g
2B 2 A2 o] FA)|7} 9 2. H(Smallwood & Schooler, 2006), MWOI| sd5k= 41 2| -8 Fixation duration
Zo|o] Agetet A4 2 A7) Y& HlojuhH, o] Zol= 1A, A ofxF -]l Soll Y= Bha 4= 3
o}, TSk 2 At 2HA|o] B8 Mwel 27| B E7bs ot = 2 ke At AA|l = Bfeithal & 4

i)

Qe olefe AHE BALS giehand 70l 27 9 el Bhuo] BE Bl Al A%l T0) Yol
9 e AR} 3eluke) Holg A 2stc

Results

Comparison between the Learner’s MW Section and the Attention Section

Aot go) 25w I shES A4ehael Al Fe] AP} 3 1 45501 Fo) 9 S E U
o] 21343t 5/ o] shgol| A ofH| Aol QI MW7 Attention 7+ Fol| 419] Saccade Metrics 4=
t-test= H| S} Th(Table 2)

Table 2. Saccade metrics average (t-test)

Saccade Metrics MW Attention t
Average amplitude 2.90 3.65 6.61"
Maximum amplitude 3.78 12.54 3549
Standard deviation of peak velocity 24.46 81.99 28.43"
Average peak velocity 106.98 127.64 6.84"
Maximum peak velocity 130.10 316.79 35.66
Total amplitude of saccades 6.60 157.76 18.72"
Wp< .001

MW-E Attention -7 F2 2= Saccade Metrics ZHOllA] 001 50l A S5A|2 0.2 §-2]t 2po| & UERY
T}, o] gt A= Jang 512020)2] AHollA] MW/ GEO A= Attention/d EH T Saccade®] 2+ .9 1 Z0]
S Ugheal B gk Axtel AX|5igict. AR shAlsh, ofH| wARE o] MW/SEolA= AlAlo] &2l 2
A olubA] SHETHE 1S LheRilck, 2 MWAFES o] aLARSo] AlAe] ol5o] glo] 3 3-8 ZAls}#IA
A W27V E skl = AEizhE Aol

Comparison of MW Frequency in the Course of Pre-learning and Follow-up Learning
A= k51 A te] APt 34 ek T o4 BHE Q1 'Eo] 9/ HEFshEoll A LR MW RIS ZAFSH
31 71 20| £ ttestZ H]| w5} Th(Table 3).
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Table 3. MW frequency (t-test)

Learning M (times) SD t
Pre-learning 41.56 21.77 34"
Follow-up Learning 54.22 29.51 ’
"p<.01

QA7 Foizkel MW VIEE A4 B0l QIR Al 7o) Adat B sk Tt 54 Sheol olR ‘el g
3P s}50llA T ZAc A4 Sh o] MW BIHIEE 41,5689 0 0], F48k0] Mw Bl E = 54208190
oleigt AThe 01 5701 BAHOR FOISISICh oI TALS-S 48t et Faatgol M Zol %)

S0l Wk e U4 ik

Comparison of the First MW Section in the Course of Pre-learning and Follow-up Learning

K% 819 A 0) APzt B ST} 54 5l ‘o] QA P skgollA LRt MW £ Z e
A MW A& ZAFSEIL T1 210 & trest H] 1 5HA Th(Table 4).

Table 4. The first MW section (t-test)

Learning M (second) SD t
Pre-learning 36.01 49.55 29
Follow-up Learning 27.37 26.57 '

A HoAEL H4sHsRTE S45R0) A Mwe] 3147} o] e Aal §ALSHA|, M4 ST 54
shgol A Mwo] o wHe] Leh b= Ao %Jwﬁmm®”¢§¢lHJZMw—:H§MPﬂ o
36,0120 HAYSLLO0], FAs ol A Bh4 g AlAksh B 27,370 2 Mwe] BAe Ao R B
ﬁﬂ‘”t}. o|2{gt xfol= EAIA 2= F-2ol5HA] FUAITH i}oli S&8REoA Mwol e Yeht

o2 Helth

rlr

Comparison of the Total MW Time in the Course of Pre-learning and Follow-up Learning
A BgQl Ao} AR 30 sk 4 gl 2] 9/ HaFelgoll A YER Total MW AlZHe:

ZAFSFAL 1 2}0) & t-test= H| 1 SF THTable 5).

Table 5. Total MW time (t-test)

Learning M (second) SD t
Pre-learning 157.33 98.12 199"
Follow-up Learning 212.66 136.00 )
"p<.05

ol ] WAFS-Q] A 4=3h53t 54515 3g ol A412] Total MW Aol M & 9 = Atel g AbsHA] A4k

YRt L8k 2ol Total MW Akl B Ath= 21 291 4= QI 1Th Table 55 EH, A4l
gl 2] Total MW ARk} B3to] 15733231 0.0, F45)5 IH OHAH Total MW A|7+9] 372 212.66

Z QUT}. & o]2|3k Aol= 05 SFollA FAIA o= f2olsitt 01] | TAFS-S M4at4 Rl S45k50]
A MW B 21, T Bo] LER= 210 2 FRIE T mh2hA Als %01]*1 FolF o] F11to] o Aok

2g e 49k
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Discussion & Conclusions

Q17| AJAdo]E-2 Q17 E-5-Z o= F83t TA7} Eict. whetA] Shgate] Q17
oA Eh5Ate] AlMol 52 g o2 B ok A2 gt Q1A & 4T %= %JOL%]' A7}
= 4= QTH(Ballard et al., 1997; Just & Carpenter, 1976). ©]2]3F I ol A |4l 34 o] Thefst w-§-Fofo]| 285
0 QI o) Are] W2 H4eshgat 245kE Mol A ShEALS] g o] AF HEE A
25 9
A&

o
e
:?L_'.

ol
'fF
jiny
=2

A

= A4
off ol = 70|t} 5] YH o] W aFatel At ofs M4algol| tigh - 2d0] AFE]
MF2G=2) 5 o8l 4 o 2 dotH izt 513int
ﬂﬁoﬂ 7}3 Sh= A2 Aol 501 sk Aol 7015 Fshe Aotk BhHof| 2}4lo] sfof 5k st
I glo] o =Ao] A Hlo| = 0 2 dGh= | ZbA 0 & FE2|H AJE Rl MW(Schooler et al., 2011;
Smallwood & Schooler, 2006)%. 8+ /3ol A A3t o]t A Autol| M = eh5A1R1 of|H]| wAkEo] Shs
g Uil kgl 2] ASotAl= FUTE 5= slok dthe A oz SAlE ol S0l = &tst
AL o H] WAFE2 204 SollA] A48l5ollxl= 13.1%0] sk 15733% 59t 9] FaHA] B3 o
FaTGOIIE 177921 212.66% 5 9] WEoHA] Bk 2 MW ol 51 Aol YT 4

A

r* Fli‘ 11

Lot A olgoleta 8 4 glck
£5] o] 8 A7 4557 434S u]m}eTt 9P A EOA E ek lel 2ol Bloome]
HAshe S SouL shao] 422 olola 4 Itk Wt H4sls Selo] & 2hold] Yl st
A2 US, 2 3EES TSI 8 4 UrH H(Byun, 2007)2 AZSIThE, FasSRH 4]
$50] ZRBHCHL 2 4 9l ofefat Mol o] AT AuE Abwum, Fostso] Hls) H4atgolA o
£21Q) o] AFS-2 Sf5o] o WESIATH: h A Fueka & 4 ek A4t F45504
Aol) MWS] 214 Toal MW A1ZHE B EA/4 0 2 goln|spi] d4slol41o] Mwo] 27| Lt}

Z o
HT
2
AN

T ARFE ZOUTH A28 Bhs ALl 59 Sy ALl Sty Fo) Y Et ETHe A = Z7je}
I3 4= Qe SEA|RE $45145.0 2 o] ol uff Sh5AFE2 MW Sl AT 2| X B Al o] ek A
+ 2102 BME Avbe WAL k5SS off 1es|ofof & Agtolth. & shsRte] Mwe] Sl4Lt AT
2 =Y 4 e WA oAl W4 Feko] T RSl Zhang et al. (2020)2] Aol & 4> QL%0] k<3
74 5 Mwo| BgsHH shstke) 7]912-2 Hoj A 4t glck = Mwol WHAYEHH shso] Yofuiz] ok
ﬂ%&bhkﬂ%%?ﬂ%&ﬂﬂﬂ%ﬂ%o*anﬂﬁdﬂ@?ﬂﬂmmwddeﬂiqﬂo%

o| ST Mwe) 1) 84859435 el ) E3HE-$ 5ol A2k RISISIeL i
etal. 2013)2] ATONNE 5G4 72] 5 MW 840k A1 4= Abololi= Solm]ah Aol it =
WOl BFo] Sk S <12ng A9 H4e7} WSl ol fah 2SS ARicie sl ek A} et
A FAYTE Bl DUVE ﬂEﬂTﬂﬁ%4q—ﬁﬂ&

- -

w= =
Sl Eo) 2o) g4 HSkE UA|o] 250 o3
olofu @4foleh 2 A Xof SR ofshat 4= 9lek. o] 2fat A4al5] ofsi 9hA A 2ol A &

l:l
0171 % 74 5 Skl 2 514 skt vt
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2o 2 Y Ad4ols U8l 4535k W83 A2H o] ShaAke] Q1A FSKSweller, 1988; Van Merrienboer
& Sweller, 2005)5 &°1501 oh52 TS =0IE 4 Ut} o2t Ie} sh 4RolM = +°H*—£E} A
ool S0l B FoHFS Atk 212 3 olu ot A5k g S FAls o
Holxe et ZARA S45850 oMo shsAtel FAHTE EOIL MW% 1
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